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			ABSTRACT

		

		
			Breast cancer is a growing cause of mortality in females across the world. Studies have shown that breast cancer incidence is variable depending upon various factors like ethnicity among others. For a better success rate in breast cancer treatment with minimum side effects, the world is now focusing on a precision medicine approach for breast cancer treatment. In precision medicine, patient-specific gene mutation (genetic biomarkers) provides the guideline to use a specific drug in a specific dose for a specific patient. The PI3K/AKT1/MTOR (PI3K) pathway is crucial for normal cellular processes. Several activating factors and genetic mutations, in associated genes (PIK3CA, AKT1, MTOR and PTEN), lead this pathway to function abnormally to trigger breast cancer. The mutations in these genes were explored in female patients with breast cancer. The demographic studies showed that all the patients were married, housewives with an average age of 47 years. The invasive ductal and invasive lobular carcinoma were detected in 85% and 15% of cases of all breast cancer patients. These tumors were classified into G1, G2 and G3 grades with an incidence of 12.5%, 42.5% and 45%, and grouped into the anatomic stages IIIA, IIIB and IIIC with 50%, 32.5% and 17.5% respectively. Further, molecular subtyping was done on the bases of cellular expression of hormone receptors by IHC and found 80% Luminal A, 12.5% Luminal B, 5% HER2 enriched and 2.5% Basal-like. Screening of mutations in PIK3CA, AKT1, MTOR and PTEN genes was carried out and analyzed by Next Generation Sequencing (NGS) using the Whole Exome Sequencing (WES) to explore possible mutations in PIK3CA, AKT1, MTOR and PTEN genes. The results revealed that there were 3 mutations namely Q546K, E545K and H1047R were present in the PIK3CA gene. AKT1gene has 2 mutations E17K, and E242 (silent mutation). MTOR gene has 2303, L2208, S1851, A1577, AN999 and D479 mutations, which were found to be silent. PTEN gene has shown 3 mutations R130G, R130Q and R173C. In-silico analysis of SNPs (PIK3CA, AKT1, MTOR and PTEN genes) confirmed that these mutations were responsible for cancer in respective patients under study.
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			Introduction

			Cancer is an uncontrolled cell growth associated with switching on and off or overexpression/under-expression of certain genes. The changes in the normal expression of genes are the results of gene mutations that may occur due to the involvement of environmental and genetic risk factors (Jones and Baylin, 2007). It is not a single disease but an accumulation of various illnesses and can occur in any part of the body Due to the involvement of multiple factors, it is difficult to treat cancer, however some types of cancers can be treated successfully if diagnosed at an early stage (Siegfried et al., 2018; Walter, 2019; Sumer and Gao, 2008; Jerant et al., 2000).

			In females, breast cancer is the largest cause of death It can be initiated regardless of age, ethnicity, socioeconomic condition and geographical location. Studies indicated that the burden of breast cancer globally would be more than 2 million by 2030 (Heitz et al., 2018; Francis et al., 2019). It has several types depending upon its localization and spread. It can metastasize to other parts of the body. It is the more studied type of cancer, has several treatment approaches, and is being treated successfully. Almost all breast cancer types are treatable if diagnosed early Due to breast cancer, the mortality rate has decreased significantly since the implementation of modern therapeutic strategies such as targeted therapy and precision medicine (Ravdin et al., 2007; Yates et al., 2017). 

			During the past years, chemotherapy was the only option available to treat breast cancer however, its effects were not globally similar furthermore, the side effects of chemotherapy led the researchers to investigate further for better treatment strategies with no or minimal side effects (Bradley et al., 2002). 

			Recently, the Precision medicine approach for cancer treatment is the focus of research, development of new and associated drugs and their clinical trials for their efficacy. Cancer precision medicine aims to provide the right dose of the right drug for the right patient at the right time, which is based on the genetic profiles of cancer (Peck, 2016). It is however very important to screen mutations of responsible genes for precise identification of precise therapy. 

			In the context of breast cancer, comprehensive sequencing of breast tumor tissues, identified frequently mutated genes that include PIK3CA, TP53, GATA3, PTEN, AKT1, CDH1, ARID1B, CASP8, BRCA1, RB1, MLL3, MAP3K1, MAP3K13, NCOR1, SMARCD1, CDKN1B, TBX3, RUNX1, CBFB, AFF2, PIK3R1, PTPN22, PTPRD, NF1, SF3B1 and CCND3 as well as copy number alterations in PIK3CA, ERBB2, TP53, MAP2K4, MLL3, CDKN2A, PTEN and RB1 (Cancer Genome Atlas, 2012; Stephens et al., 2012). Somatic mutations in TP53, PIK3CA and GATA3 occurred at >10% incidence across all breast cancer (Cancer Genome Atlas, 2012)

			The countries with advanced biological research are far ahead of our country regarding the involvement and utilization of genomic data to treat breast cancer. A recent study carried out in China showed an active role of PIK3CA gene mutation in Chinese breast cancer patients (Chen et al., 2018). A similar study has also been conducted on Singapore Chinese patients (Liang et al., 2006), Turkey (Dirican et al., 2014), South India (Kumari et al., 2014, 2017), Arabian Peninsula (Karakas et al., 2013), Sardinia (Palomba et al., 2012), United States (Femi, 2018). 

			Now a days several diagnostic laboratories offer gene mutation detection services commercially for the precision medicine treatment approach. The current study aims at screening breast cancer patients for mutations in PIK3CA, AKT1, MTOR and PTEN genes to establish their diagnostic potential. The detected mutations may become therapeutic markers for precision medicine.

			Materials and Methods

			Sample collection

			In this study, forty female patients of breast cancer with advanced breast cancer were recruited and admitted to a local hospital for MRM (modified radical mastectomy). The tumor samples were collected after formal approval of the hospital’s ethical committee. The patients were formally informed about the study, and sample collection and obtained demographic data via filling out a questionnaire.

			At least six pieces of fresh tumor tissues were collected immediately after surgery as well as two pieces from adjacent normal breast tissues. A competent pathologist identified them as a tumor before proceeding further. Half of these pieces were snap frozen within 10 mins and stored at -86℃ while the rest were put into formaldehyde solution for fixation. The former tissues were used for genetic analysis while the latter was for routine histopathology procedures and immunohistochemical studies (IHC) for cancer diagnosis and characterization. 

			Histopathological staining

			Histopathological studies were conducted on breast tumor tissues (39-80 mm). The tissues both tumor and normal were fixed in 10% formaldehyde (overnight), dehydrated with various grades of alcohols (75%, 90% and absolute), washed with xylene at room temperature for I hour and embedded in paraffin at 56°C for an hour. Sections ( 4µm) were cut and were processed for immun- histo-chemical (IHC) and H&E staining (Slaoui and Fiette, 2011).

			IHC staining was performed to evaluate the status of estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2/neu). Negative control slides were also included in the workflow.

			Sections were depararfinized, dehydrated with various alcohol grades, subjected to epitope retrieval with Tris-EDTA buffer using a pressure cooker. These tissues were then processed, demonstration of estrogen receptor (ER), progesterone receptor (PR) and human epidermal  growth factor Receptor 2 (HER2) receptors using kits for these staining following the manufacturers instructions, based on Buchwalow and Bocker (2010).

			For ER staining, recombinant anti-estrogen receptor alpha antibody Cat no. ab16660 from Abcam at a concentration of 1/200; for PR staining recombinant anti-progesterone receptor antibody [SP2] Cat No. ab16661 from Abcam. at a concentration of 1/400; and for HER2 Recombinant Anti-ErbB2 / HER2 antibody [SP3], Cat No. ab16662 from Abcam at a concentration: 1/100 was used. All these antibodies were diluted to the required concentration in Antibody Diluent Cat no. ab64211 from Abcam. Further, Rabbit Specific HRP/DAB (ABC) Detection IHC Kit Cat No. ab64261 from Abcam was used for the detection of primary antibodies (specific to ER, PR and HER2) conjugated to their specific sites on specific tissues. 

			The ER and PR were interpretation by Allered score method summarized in (Supplementary Table I) while for HER2/neu in Supplementary Table II (Fitzgibbons et al., 2018).

			Isolation of nucleic acids

			Genomic DNA was extracted from tumor tissues snap frozen at the time of sampling using a commercially available DNA isolation kit from Qiagen QIAamp Fast DNA Tissue Kit Cat. no. 51404. The integrity and concentration of isolated DNA was determined by running it on 1 % agarose gel along with 1kb DNA marker (Green and Sambrook, 2019). 

			Next generation sequencing (NGS)

			NGS, the whole exome sequencing (WES) was adopted to investigate the mutations in genes. DNA samples extracted from tumors were sent to BGI, Building No.7, BGI Park, No. 21 Hongan 3rd Street, Yantian District, Shenzhen 518083, China for NGS. 

			In-silico analysis

			In-silico analysis was performed for confirmation and characterization of transcribed mutated proteins in response to the gene mutations. 

			Molecular modelling and molecular dynamics simulation

			To assess the structural stability of the natural and metamorphosed protein we used a structure analysis algorithm. Most of the protein crystal structures were obtained from the PDB (Protein Data Bank). Functional consequences of some of these proteins, synonymous, missense, and silent. Even though most SNPs are synonymous structures (Strushkevich et al., 2013). The variants of the structure were mapped using Modeller 9.11 software (Eswar et al., 2006). Moreover, using the NAMD 2.6 software researcher applied energy minimization and molecular dynamics simulation methods to investigate the structural significant variations in the metamorphosed protein concerning natural structure (Phillips et al., 2005).

			Homology modelling

			Modeller 9.1.1 was used for homology modelling to create a 3-dimensional structure of a protein from its amino acids using comparative modelling. Modelling of 4 different sequenced genes ATK1, PIK3CA, PTEN and MTOR was undertaken. Modeler 9.1.1 was installed, and various python scripts were used to execute each step. This was done in a series of steps in which at first targeted sequence was obtained from NCBI followed by searching for template structure, aligning query sequence with template and model building. SNPs of different genes obtained from NGS were used as the target sequence. These SNP sequences were then converted into amino acids sequence by using expasy translational tool to use as the target sequence. After that BLAST-P was used to retrieve the crystallized structure of related proteins which was further used to choose the template sequence. A python script was used to align both target and template sequences. A model was constructed at the end by using a modeler interface.

			Molecular dynamic simulation

			To analyze the stability of particles within a 3D-modelled structure molecular dynamic structure was used. Nanoscale molecular dynamics software was used for this purpose along with accessory Software VMD, open babel. All mutant variant of proteins was subjected to MD simulation to analyze their structure and causes which leads to cancer.

			At first, the modelled structure was loaded in VMD software to generate a protein structure file which contains all molecules specific information needed to apply forcefield. After that solvation box was added and an energy minimization step was performed. Protein cell coordinates were retrieved and wrote a python script to run the simulation. The last simulation was performed. RMSD, RMSF, RG, and SASA analyses were done to analyze simulation results.

			Results and discussion

			Demographic characteristics 

			The demographic characteristics of our study subjects are shown in Table I. All subjects were married, housewives wiht mean age of 47 years. Parity status ranged between 0 and 13.

			Table I. Epidemiological data of the patients with breast cancer in our study.

			
				
					
					
					
				
				
					
							
							Variables 

						
							
							N 

						
							
							Mean±SD (Min- Max)

						
					

					
							
							Age (years)

						
							
							40 

						
							
							47.37±8.2 (33.00 -68.00)

						
					

					
							
							Parity (No.)

						
							
							40 

						
							
							3.55±2.1 (0 -13)

						
					

					
							
							Household income (Rs.)

						
							
							40 

						
							
							36625± 896.5 (20,000 -55,000)

						
					

				
			

			Forty percent of the breast cancer patients belonged to the age group 40–49 years while 7.5% were from the age group 60-69 years (Table II).

			Histopathology

			Histopathological studies of these tumors showed a mixed population of invasive ductal carcinoma in 85% of cases (Fig. 1), and lobular carcinoma in 15% cases of all patients (Fig. 2). Other researchers like Thomas et al. (2019) reported that 5-10% of breast cancer cases were lobular carcinomas while 88.4% had ductal carcinomas as reported earlier by Hoffmann et al. (2018). This increased incidence in Pakistani patients could be due to the increasing trend in breast cancer. It is already reported that every year breast cancer incidence is increasing from 0.7 to 0.8 % in some populations and 1.8 % in Asian and Pacific Iceland (Iacoviello et al., 2021).

			Tumor grades and anatomic stage groups

			Forty-five percent of the samples were of G3 grade; of these 20% were from patients of the age group 40-49 years, while 5% were from patients of the age group 30-39 years (Table II). Copeland et al. (2021) reported the breast cancer grades in the Jamaican population as G1: 8%, G2: 44% and G3: 39%. Our findings are almost concordant with this study except for G1 which is 12.5% in our study.

			Table II. Incidence (%) of various tumor grades (G1, G2, G3) and anatomic stage groups (IIIA, IIIB, IIIC) of tumor samples collected from female breast cancer patients of different age groups.

			
				
					
					
					
					
					
					
					
					
					
				
				
					
							
							Age groups (years) 

						
							
							Subjects (n)

						
							
							Incidence (%) of tumor grade 

						
							
							
							Incidence (%) of anatomic stage groups

						
					

					
							
							G1

						
							
							G2

						
							
							G3

						
							
							IIIA

						
							
							IIIB

						
							
							IIIC

						
					

					
							
							30-39 

						
							
							7 

						
							
							2 

						
							
							10 

						
							
							5 

						
							
							
							10

						
							
							2.5

						
							
							5

						
					

					
							
							40-49 

						
							
							16 

						
							
							7.5 

						
							
							12.5 

						
							
							20 

						
							
							
							27.5

						
							
							10

						
							
							2.5

						
					

					
							
							50-59 

						
							
							14 

						
							
							2.5 

						
							
							20 

						
							
							12.5 

						
							
							
							12.5

						
							
							17.5

						
							
							5

						
					

					
							
							60-69 

						
							
							3 

						
							
							0 

						
							
							0 

						
							
							7.5 

						
							
							
							0

						
							
							2.5

						
							
							5

						
					

					
							
							Total 

						
							
							40 

						
							
							12.5 

						
							
							42.5 

						
							
							45 

						
							
							
							50

						
							
							32.5

						
							
							17.5
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			Fig. 1. Histological structure of normal and breast tumor samples of our study subject identified for invasive ductal carcinoma. A, Negative control tissue showing morphologically normal breast cells. These cells and their nuclei are smaller, uniform, and regular in size and shape (red outlined box and arrow). The breast stroma is normal and does not show cellular penetration (yellow outlined box and arrow). The milk-carrying ducts are also nicely lined with normal cell layers (green outlined box and arrow). B, Breast cancer tissue. This tissue is showing malignant cells (red outlined box and arrow) identified in milk-carrying ducts of the breast. These cells and their nuclei are larger in size and pleomorphic morphologically (purple outlined box) arranged in cords (red outlined box and arrow), nests (yellow outlined box and arrow), sheets (black outlined box and arrow), forming tubular structures (green outlined box and arrow) and showing mitotic figures (blue outlined box and arrow). These cells are penetrating the rounding breast stroma (purple outlined box and arrow). Boxes with various color outlines are showing digitally magnified corresponding selected areas on slides A and B. Stain: Hematoxylin and Eosin.
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			Fig. 2. Histological structure of normal and breast tumor samples of our study subject identified for invasive lobular carcinoma A, Negative control tissue showing morphologically normal breast cells. These cells and their nuclei are smaller, uniform, and regular in size and shape (red outlined box and arrow). The breast stroma is normal and does not show cellular penetration (green outlined box and arrow) and normal cell layers constituting breast milk carrying ducts (yellow outlined box and arrow). B, Breast cancer. The tumor tissue is showing a population of malignant cells across the tissue and is detected the in lobular part of the breast. These are larger than normal breast cells arranged into single files or chains of cells (red outlined box and arrow), single cells (purple outlined box and arrow), cells with evident cellular and nuclear pleomorphism (black outlined box and arrow), round to oval shaped nuclei (green outlined box and arrow) aggregate around ducts (yellow outlined box and arrow) and penetrating surrounding breast stroma (blue outlined box with arrow). Boxes with various color outlines are showing digitally magnified corresponding selected areas on slides A and B. Stain: Hematoxylin and Eosin.

			Table III. Immunostaining for molecular sub typing of breast cancer.

			
				
					
					
					
					
					
					
					
				
				
					
							
							S. No.

						
							
							Estrogen 

							receptor

						
							
							Progesterone 

							receptor

						
							
							HER 2 

							receptor

						
							
							Hormone receptor status

						
							
							Molecular 

							sub-types 

						
							
							Percent prevalence

						
					

					
							
							1

						
							
							+

						
							
							+

						
							
							-

						
							
							HR+/HER2-

						
							
							Luminal A

						
							
							80

						
					

					
							
							2

						
							
							+

						
							
							+/-

						
							
							+

						
							
							HR+/HER2+

						
							
							Luminal B

						
							
							12.5

						
					

					
							
							3

						
							
							-

						
							
							-

						
							
							+

						
							
							HR-/HER2+

						
							
							HER2 enriched

						
							
							5

						
					

					
							
							4

						
							
							-

						
							
							-

						
							
							-

						
							
							TNBC

						
							
							Basal-like

						
							
							2.5

						
					

				
			

			Breast tumors were also categorized into various anatomic stage groups in the current study. The results showed that all the tumors belonged to stages IIIA to IIIC with an incidence of 50%, 32.5% and 17.5% respectively. Patients with stage I, II and IV tumors were not detected in this study. According to another study conducted by Yazdani-Charati et al. (2019) the incidence of breast cancer stages was for 26.9% IIIA,  16.0 IIIB, and 3.5% IIIC. A comparison of both studies has shown that the incidence of cancer anatomic stages IIIA, IIIB and IIIC is higher in patients in our study (Table III).

			Molecular sub-types of breast cancer

			Breast cancer tumor samples were categorized into 4 molecular subtypes, based upon the status of hormone receptor expression (ER, PR and HER2) (Fig. 3). We recorded Luminal A, Luminal B, HER2 enriched and basal like subtypes as 80%, 12.5 %, 5% and 2.5 %, respectively (Table III). Al-Thoubaity (2020) showed a 58% incidence of Luminal A, 13% of Luminal B, 11.5% of HER2, and based-like (triple negative breast cancer) was 16%. Our study shows a high incidence of molecular sub-types as compared to that of the Al-Thoubaity. 

			Pandit et al. (2020) have reported 37% of Luminal A, 8% Luminal B, 11 % HER2 enriched, and 26% basal-like. Mane et al. (2015) have shown 43.8% of Luminal A, 14.8% luminal B, 16.1% basal-like and 16.1% of HER2. All these studies showed the highest incidence of Luminal A sub-type while other sub-types showed varied incidences. Furthermore, the results of our study showed a close agreement.

			 

			Mutations detected in PIK3CA, AKT1, MTOR and PTEN genes

			PI3K/AKT1/MTOR (PI3K pathway) is an intracellular pathway that plays its role in the cell cycle. It consists of two subunits namely a regulatory (p85) and catalytic (p110) (Paplomata and O’Regan, 2014). These PI3Ks function by phosphorylation of downstream PIP2 into PIP3 which further phosphorylates AKT.

			MTOR is downstream of PI3K and AKT refers to two complexes namely mTORC1 and 2 with different modes of action (Wander et al., 2011). Various therapies are used to inhibit these genes to cure cancer.

			Further PTEN a tumor suppressor, reverses phosphorylation of PIP2 to PIP3 to neutralize the oncogenic signaling. The loss of function of these genes can trigger the pathway to start oncogenic signaling.

			In the samples under investigation we have detected three mutations each in PIK3CA and PTEN, 2 mutations in AKT1 and 6 mutations in MTOR genes. Table IV shows somatic mutations in PIK3CA and AKT1 genes.

			PIK3CA gene was found mutated in 35% of all cases. Three hotspots and substitution Q546K, E545K and H1047R in 2%, 12.5%, and 20% cases, respectively was observed. These are missense and pathogenic. Of these Q546K, and E545K was in the regulatory domain while H1047R was in the catalytic domain of the respective proteins (Table IV). The other studies have reported that overall PIK3CA mutations are in 18-40% of breast cancer cases with an average of 26% in reported in the Catalogue of Somatic Mutations in Cancer database (COSMIC), depending on the studied population (Karakas et al., 2013). Our finding of PIK3CA gene mutations is in concordance with the published data.

			Mutations in the AKT1 gene was observed in 5% of patients of this study. Two mutations E17K and E242 substitution were found in this gene (Table IV) Of these, E17K was a hotspot, missense, somatic, pathogenic and found in the catalytic domain, while E242 was categorized as substitution and coding silent. The incidence of these two mutations was 2.5% each in patients in our study. 

			Table IV. Mutations detected in the PIK3CA and AKT1 genes, their characteristics frequency, and incidence (%) in all female patients with breast cancer recruited in this study

			
				
					
					
					
					
					
					
					
				
				
					
							
							Properties

						
							
							PIK3CA gene

						
							
							
							AKT1 genes

						
					

					
							
							Mutation 1

						
							
							Mutation 2

						
							
							Mutation 3

						
							
							
							Mutation 1

						
							
							Mutation 2

						
					

					
							
							Mutation

						
							
							Q546K

						
							
							E545K

						
							
							H1047R

						
							
							
							E17K

						
							
							E242

						
					

					
							
							Chromosome

						
							
							3

						
							
							3

						
							
							3

						
							
							
							14

						
							
							14

						
					

					
							
							Location

						
							
							Exon 10

						
							
							Exon 10

						
							
							Exon 21

						
							
							
							Exon 3

						
							
							Exon 9

						
					

					
							
							Nucleic acid change

						
							
							c.1636C>A, 

							Substitution

						
							
							c.1633G>A, Substitution

						
							
							c.3140A>G, Substitution

						
							
							
							c.49G>A, Substitution

						
							
							c.726G>A, 

							Substitution

						
					

					
							
							Amino acid change

						
							
							p.Q546K, Substitution - Missense

						
							
							p.E545K, Substitution - Missense

						
							
							p.H1047R, Substitution - Missense

						
							
							
							p.E17K Substitution - Missense

						
							
							p.E242 Substitution –coding silent

						
					

					
							
							FATHMM prediction

						
							
							Pathogenic, 

							(score 0.97)

						
							
							Pathogenic, 

							(score 0.97)

						
							
							Pathogenic, 

							(score 0.96)

						
							
							
							Pathogenic 

							(score 1.00)

						
							
							Pathogenic 

							(score 0.72)

						
					

					
							
							Ever confirmed somatic?

						
							
							Yes

						
							
							Yes

						
							
							Yes

						
							
							
							Yes

						
							
							Yes

						
					

					
							
							No. of samples

						
							
							1

						
							
							5

						
							
							8

						
							
							
							1

						
							
							1

						
					

					
							
							Incidence (%)

						
							
							2.5

						
							
							12.5

						
							
							20

						
							
							
							2.5

						
							
							2.5
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			Fig. 3. Expression of ER (A, B), PR (C, D), and HER2/neu (E,F) receptor (protein) in normal and tumor tissues from female breast cancer patients recruited in this study. A, C, E, Negative control tissue: cells in this tissue are not showing any nuclear stain due to the absence of specific receptors in these cells. On the other hand, they are showing blue color staining because of H&E counter stain. B, D, F, Breast cancer tissue, nucleic of cancer cells are showing intense staining (yellow arrow) due to the presence of overexpressed specific receptors. These receptors are localized in the cell nuclei and upon application of specific for each antibodies to these receptors, they produce a brown color. Stain: Immunohistochemical stain specific to ER receptor; Magnification: 20X; Counterstain: Hematoxylin and Eosin, Magnification: 20X.

			Table V. Mutations detected in the MTOR gene, their characteristics frequency, and incidence (%) in all female patients with breast cancer.

			
				
					
					
					
					
					
					
					
				
				
					
							
							Properties

						
							
							Mutation 1

						
							
							Mutation 2

						
							
							Mutation 3

						
							
							Mutation 4

						
							
							Mutation 5

						
							
							Mutation 6

						
					

					
							
							Mutation

						
							
							L2303

						
							
							L2208

						
							
							S1851

						
							
							A1577

						
							
							N999

						
							
							D479

						
					

					
							
							Chromosome

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
							
							1

						
					

					
							
							Location

						
							
							Exon 49

						
							
							Exon 47

						
							
							Exon 39

						
							
							Exon 33

						
							
							Exon 19

						
							
							Exon 10

						
					

					
							
							Nucleic acid

							 change

						
							
							c.6909G>A,

							 Substitution

						
							
							c.6624T>C,

							 Substitution

						
							
							c.5553C> T,

							 Substitution

						
							
							c.4731G>A,

							 Substitution

						
							
							c.2997C>T,

							 Substitution

						
							
							c.1437T>C,

							 Substitution

						
					

					
							
							Amino acid

							 change

						
							
							L2303

							Substitution – 

							coding silent

						
							
							L2208

							Substitution – 

							coding silent

						
							
							S1851

							Substitution –

							coding silent

						
							
							A1577

							Substitution – 

							coding silent

						
							
							N999 

							Substitution – 

							coding silent

						
							
							D479 

							Substitution –

							 coding silent

						
					

					
							
							FATHMM

							 prediction

						
							
							Pathogenic 

							(Score 0.90)

						
							
							Neutral 

							(Score 0.43)

						
							
							Neutral 

							(Score 0.16)

						
							
							n/a

						
							
							Neutral

							(Score 0.08)

						
							
							n/a

						
					

					
							
							Ever confirmed somatic?

						
							
							Yes

						
							
							No

						
							
							Yes

						
							
							Yes

						
							
							Yes

						
							
							Yes

						
					

					
							
							Samples

						
							
							1

						
					

					
							
							Percent

						
							
							2.5

						
					

				
			

			Table VI. Mutations detected in the PTEN gene, their characteristics frequency, and incidence (%) in all female patients with breast cancer recruited in this study.

			
				
					
					
					
					
				
				
					
							
							Properties

						
							
							Mutation 1

						
							
							Mutation 2

						
							
							Mutation 3

						
					

					
							
							Mutation/s

						
							
							p.R130G

						
							
							p.R130Q

						
							
							p.R173C

						
					

					
							
							Chromosome

						
							
							10

						
							
							10

						
							
							10

						
					

					
							
							Location

						
							
							Exon 5

						
							
							Exon 5

						
							
							Exon 6

						
					

					
							
							Nucleic acid change

						
							
							c.388C>G, Substitution

						
							
							c.389G>A, Substitution

						
							
							c.517C>T, Substitution

						
					

					
							
							Amino acid change

						
							
							p.R130G, Substitution - Missense

						
							
							p.R130Q, Substitution - Missense

						
							
							p.R173C, Substitution - Missense

						
					

					
							
							FATHMM prediction

						
							
							Pathogenic, (score 0.96)

						
							
							Pathogenic, (score 0.99)

						
							
							Pathogenic, (score 0.95)

						
					

					
							
							Ever confirmed somatic?

						
							
							Yes

						
							
							Yes

						
							
							Yes

						
					

					
							
							Samples

						
							
							3

						
							
							1

						
							
							1

						
					

					
							
							Percent

						
							
							7.5

						
							
							2.5

						
							
							2.5

						
					

				
			

			The already published data about the prevalence of the AKT1 gene shows that it is 4.96%. Li et al. (2018) have reported it as 3.2%. The incidence of AKT1 mutation is in good agreement with already published reports.

			We have detected SIXmutations in MTOR gene in 2.5% of cases in this study (Table V). Results showed that six substitution mutations (L2303, L2208, S1851, A1577, N999 and D479) were somatic and silent. Of these L2303 was found to be pathogenic (COSMIC). Similar studies are not adequately available.

			PTEN gene was found mutated in 12.5% of all cases (Table VI). Three hotspot and substitution p. R130G, p.R130Q, and p.R173C in 7.5%, 2.5%, and 2.5% cases, respectively. These are missense and pathogenic. Of these R130G and p.R173C are located within the phosphatase tensin-type domain of the Pten protein (Kato et al., 2000), while p.R173C was located e located at the phosphatase-C2 domain interface (Smith and Briggs, 2016) of the respective proteins (Table VI). These mutations are extensively studied by many researchers over the past 3 decades in several types of cancers (Smith and Briggs, 2016) including breast cancer (Fusco et al., 2020). 

			Protein modelling

			Modelling of all SNPs was performed using Modeller 9.1.1 which told the mutated version of a specific protein. 

			[image: ]

			Fig. 4. 3D-modelled structure from SNPs sequence. A, Structural modeling reveals AKT1 gene mutation (E17K) on Chromosome 14, Exon 3, position 49 (c.49G>A) causing a missense mutation Amino acids change (E to K) with potential clinical association. B, An In-depth Analysis of the Structural Implications of the c.166G>A PIK3CA Gene Mutation (E545K) in Exon 10 on Chromosome 3, Resulting in a Missense Mutation that Substitutes Glutamic Acid (E) with Lysine (K) in the PIK3CA Protein. C, Protein Modeling of PIK3CA Gene Mutation (H1047R) in Exon 21 (c.31406A>G) on Chromosome 3: Revealing Molecular Mechanisms of a Missense Mutation Substituting Histidine with Arginine. D, PIK3CA Gene Mutation: A Missense Q546K Change in Exon 10 (c.1636 C>A) - A Promising Protein Model Insight. E, Modelling depict PTEN gene mutation P.R 173c (chromosome 10, Exon 6). c.517 C>T results in a missense mutation, substituting Arginine (R) with Cysteine (C) at position 517, offering insights into its potential impact on PTEN protein structure and function. F, In silicon protein modeling predicts the impact of PTEN gene mutation (P.R130Q) on chromosome 10, Exon 5, c.389G>A substitution, causing a missense mutation (R to Q). G, Mutation profiling and protein modeling to predict the location and effects of the PTEN gene mutation P.R130G on chromosome 10, exon 5 this missense mutation (c. C>G, position 388) results in an amino acid change from arginine (R) to cysteine (C).”

			By analyzing modelled proteins, a conclusion was made that these mutations cause the change in structure (Fig. 4). The stable structure of a protein is disrupted and normal function changes due to which this mutation leads to cancer.

			MD simulation

			A molecular dynamic simulation of 1ns was performed in which each protein variant was allowed to move and interact with water molecules. A total step of 500,000 was performed in which each step protein was allowed to run for 1ns. After simulation different analysis was performed to determine the overall stability results during MD Simulation. RMSD, RMSF, RG, and SASA analyses were performed which give the result of protein structural analysis by using different parameters.

			[image: ]

			Fig. 5. RMSD simulation patterns of A, PIK3CA (E545K); B, PIK3CA (Q546K); C, PIK3CA (H1047R); D, PTEN (R130G); E, PTEN (R130Q); F, PTEN (R173C) and G, AKT1 (E17K) showing that all RMSD values kept increasing, therefore, making them unstable.

			RMSD analysis

			Root mean square deviation is a standard measure of structural distance between coordinates. It measures the average distance between a group of atoms. The average stability value is between 1.0 to 1.2 angstrom, but the value may change according to protein structure. By analyzing our RMSD graphs of simulated protein the value of all rmsd values keeps on increasing which tells us that the average distance of these proteins continuously increases so as their structure, therefore, these are unstable (Fig. 5).

			RMSF analysis

			Root mean square fluctuation is a calculation of individual residue flexibility, or how much a particular residue moves (fluctuates) during a simulation. The more the atom fluctuates more the protein is unstable. RMSF graphs of all variant proteins show that these are unstable due to the continuously vigorous fluctuation of particles (Fig. 6).
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			Fig. 6. RMSF patterns of A, PIK3CA (E545K); B, PIK3CA (Q546K); C, PIK3CA (H1047R); D, PTEN (R130G); E, PTEN (R130Q); F, PTEN (R173C) and G, AKT1 (E17K) showing that these are unstable due to the continuously vigorous fluctuation of particles.

			SASA analysis

			Solvent accessible surface area (SASA) is defined as the surface area of a protein that interacts with its solvent molecules. The more the protein is accessible to the solvent more chance it is to be soluble in the solvent and perform its activity. SASA analysis shows that all protein variants continuously fluctuate between soluble and non-soluble states, so this changes their normal functions (Fig. 7).
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			Fig. 7. SASA patterns of A, PIK3CA (E545K); B, PIK3CA (Q546K); C, PIK3CA (H1047R); D, PTEN (R130G); E, PTEN (R130Q); F, PTEN (R173C) and G, AKT1 (E17K) showing that variants continuously fluctuate between soluble and non-soluble states leading to change their normal functions.

			RG analysis

			The radius of gyration (RG) is defined as the distribution of atoms of a protein around its axis. More gyration value means that particles of protein continuously scatter. RG graph of our protein shows that these proteins continuously scatter particles due to which protein changes its structure and function continuously (Fig. 8).
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			Fig. 8. RG patterns of A, PIK3CA (E545K); B, PIK3CA (Q546K); C, PIK3CA (H1047R); D, PTEN (R130G); E, PTEN (R130Q); F, PTEN (R173C) and G, AKT1 (E17K) showing that these proteins continuously scatter particles hence their structure and function keep changing continuously and fails to perform their role.
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ABSTRACT

Breast cancer is a growing cause of mortality in females across the world. Studies have shown that
breast cancer incidence is variable depending upon various factors like ethnicity among others. For
a better success rate in breast cancer treatment with minimum side effects, the world is now focusing
on a precision medicine approach for breast cancer treatment. In precision medicine, patient-specific
gene mutation (genetic biomarkers) provides the guideline to use a specific drug in a specific dose for a
specific patient. The PI3K/AKT1/MTOR (PI3K) pathway is crucial for normal cellular processes. Several
activating factors and genetic mutations, in associated genes (PIK3CA, AKT1, MTOR and PTEN), lead
this pathway to function abnormally to trigger breast cancer. The mutations in these genes were explored
in female patients with breast cancer. The demographic studies showed that all the patients were married,
housewives with an average age of 47 years. The invasive ductal and invasive lobular carcinoma were
detected in 85% and 15% of cases of all breast cancer patients. These tumors were classified into G1,
G2 and G3 grades with an incidence of 12.5%, 42.5% and 45%, and grouped into the anatomic stages
IIIA, OIB and HIC with 50%, 32.5% and 17.5% respectively. Further, molecular subtyping was done
on the bases of cellular expression of hormone receptors by IHC and found 80% Luminal A, 12.5%
Luminal B, 5% HER2 enriched and 2.5% Basal-like. Screening of mutations in PIK3CA, AKTI1, MTOR
and PTEN genes was carried out and analyzed by Next Generation Sequencing (NGS) using the Whole
Exome Sequencing (WES) to explore possible mutations in PIK3CA, AKT1, MTOR and PTEN genes.
The results revealed that there were 3 mutations namely Q546K, E545K and H1047R were present in
the PIK3CA gene. AKT1gene has 2 mutations E17K, and E242 (silent mutation). MTOR gene has 2303,
12208, S1851, A1577, AN999 and D479 mutations, which were found to be silent. PTEN gene has shown
3 mutations R130G, R130Q and R173C. In-silico analysis of SNPs (PIK3CA, AKT1, MTOR and PTEN
genes) confirmed that these mutations were responsible for cancer in respective patients under study.
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INTRODUCTION

ancer is an uncontrolled cell growth associated

with switching on and off or overexpression/under-
expression of certain genes. The changes in the normal
expression of genes are the results of gene mutations that
may occur due to the involvement of environmental and
genetic risk factors (Jones and Baylin, 2007). It is not a
single disease but an accumulation of various illnesses and
can occur in any part of the body Due to the involvement
of multiple factors, it is difficult to treat cancer, however
some types of cancers can be treated successfully if
diagnosed at an early stage (Siegfried ef al., 2018; Walter,
2019; Sumer and Gao, 2008; Jerant et al., 2000).

In females, breast cancer is the largest cause of death It
can be initiated regardless of age, ethnicity, socioeconomic
condition and geographical location. Studies indicated that

the burden of breast cancer globally would be more than 2
million by 2030 (Heitz ef al., 2018; Francis et al., 2019).
It has several types depending upon its localization and
spread. It can metastasize to other parts of the body. It
is the more studied type of cancer, has several treatment
approaches, and is being treated successfully. Almost all
breast cancer types are treatable if diagnosed early Due to
breast cancer, the mortality rate has decreased significantly
since the implementation of modern therapeutic strategies
such as targeted therapy and precision medicine (Ravdin et
al.,2007; Yates et al., 2017).

During the past years, chemotherapy was the only
option available to treat breast cancer however, its effects
were not globally similar furthermore, the side effects of
chemotherapy led the researchers to investigate further for
better treatment strategies with no or minimal side effects
(Bradley et al., 2002).
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